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In this paper, we propose tlie method of reconstrucrtlojj of contents for comiuunitie> wliicJa 
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Recently, mobile information terminals, such as cellular phones and PDAs, have come to be 
widely used and have become the most familiar personal information instruments. Therefore, 
in the near future, almost all people will own and carry around with them some mobile 
information terminals. In the mobile environment, they will use these devices for 
communication and collection of information anywhere and any time. In this paper, we are 
proposing the method of reconstruction of content to assist communication occurring among 
users in the daily life situations. However, in fortuitous communication, users do not know in 
advance what information is common to the users. Therefore, the proposed method is 
intended to find out from the information added to the content what purposes, places, and time 
are common to the users Joining the communication, and then extract for presentation the 
corresponding components of the content from the user' s own mobile information terminal. In 
this manner, it becomes possible to assist communication in the daily life situations. 
Keywords: Mobile environment; Content; Reconstruction 
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1 . Introduction 

In recent years, it has become a general trend that people carry mobile information terminals 
such as cellular phones on a daily routine basis. The cellular phones, which have now been 
much reduced in size, are mounted with the functions that enable these devices to connect to 
the internet called "browser phone" to make access to the web and utilize e-mails for active 
utilization for collection of information as well as communication. Furthermore, additionally 
mounted functions include the PIM function (= Personal Information Manager) used for 
management of schedules and memos, MPS or the function to playback musical files, or the 
camera functions to take pictures and reproduce photo image data and moving pictures; this 
means that the mobile information terminals people carry about with them have accumulations 
of various information relating to each user. Thus, it is well recognized now that exchanging or 
sharing of information by way of a mobile information terminal is an effective means for daily 
communication among users. 

On the other hand, the wireless network technology like Bluetooth and next-generation 
network technology like IPv6 are also making progress with proposals being made on how to put 
these technologies into practical uses. What is drawing a particular attention among all is an 
ad-hoc network which is to be built through direct connection between two mobile information 
terminals. Focusing attention on the capability of this ad-hoc network to realize information 
sharing in the mobile environment and promote convenience in communication, various 
suggestions are being published in these directions. Similarly, the groupware usable in the 
mobile environment that provides assistance to the work undertaken by a multiple number of 
people is another item attracting attention and proposed suggestions. These studies, however, 
are related to connection systems or data exchange systems among mobile information 
terminals, but they do not cover what kind of information is required in communication. These 
studies assume as the objects a certain type of groups and organizations which have more or 
less fixed purposes and patterned styles of activities, putting aside such kind of communication 
that can occur in the daily life environment. What is actually required here is the methodology 
of assisting communication that fortuitously happens among users at street corners, for 
example. 

In most cases, sharing and exchange of information are performed through the communication 
between users. By conversation and other ways of communication, both parties will mutually 
recognize what are the topics and information common to them and, based on such recognition, 
will proceed to sharing and exchange of necessary information. This proves that preliminary 
knowledge of topics and information common to the two parties is very effective for achieving 
good communication. 

The present study intends to propose the methodology of reconstructing content to promote 
good communication in the mobile environment. In the communication occurring in the daily 
life situations, each side seems to choose some suitable topics corresponding to the other side 
on the basis of the information acquired through experiences and the information each 
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individual has. The presently proposed methodology assumes as the content the data of the 
photographs and other data that the user has accumulated in the mobile information terminals. 
Commonality degree between one user and the other user with whom the first user wants to 
establish communication is to be calculated in respect to purpose, place, and time and, 
according to the commonality degree thus calculated, the users will display a suitable content 
on their mobile information terminals. In this manner, it becomes possible for each user to 
know what topics are common to the other user in the daily life situations and, therefore, it is 
possible to do sharing and exchange of information easily between the two users in the mobile 
environment. 

The contexture of this thesis is as shown below. The 2nd section refers to the approach of 
the study, and the 3rd section gives account of the method of extracting common information 
from the content of a multiple number of users. The 4th section describes observations, and 
the 5th section deals with conclusion and problems to have to be solved. 

2. Motivation and Approach of the Present Study 

2.1. Assumed Environment 

The mobile information terminal has become very small in size and highly efficient in 
performance, and besides it has been provided with a variety of new functions; for example, the 
browser to connect to the internet and browse WWW and the e-mail are now mounted as the 
standard functions for daily uses. More recently, the mobile information terminal can 
accumulate in it the data of still and moving images to allow viewing in the mobile environment. 

On the other hand, with the development of network technology, environment has been being 
readied to make it possible that the mobile information terminals connect to each other and 
build an ad-hoc network for sharing and exchange of information without difficulty and for easy 
access to information anywhere. 

We assume the following environment and believe it will be realized in the very near future. 

■ The mobile information terminal should be mounted with an interconnectible wireless 
network function while it should be also able to accumulate information in it. 

• The real-space objects such as merchandise and facilities should have Web content 
describing the inherent information respectively. 

The present thesis is intended to propose in the above environment a methodology which 
enables each user to carry around whatever information the user may like and assists such 
communication as occurring daily among a multiple number of people who may happen to meet 
together at the end of shopping or in the crowd of the station. 
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2.2. Mobile Community 

When you happen to meet an acquaintance at the end of shopping or at a department store, it 
triggers conversation, that is, exchange of some information. For this type of communication, 
you had not expected in advance to whom you would be talking to on what subject. Therefore, 
you have no idea as to what to talk about and what subject might draw the other party' s 
interest. Under such circumstances, you might not be aware of such exchange of information 
that could otherwise be more useful or such possibility that could otherwise make the 
conversation more enjoyable. 

In the near future when most of people own mobile information terminals and carry around 
various information concerning themselves, they can use the information to make common 
topics available for conversation; for example, suppose both the parties have some information 
about a note PC, and if either party displays the content concerning the note PC he has, this 
can provide an opportunity to talk about the topic of note PC, resulting in exchange and sharing 
of relative information. Such common content, which is subject to dynamic change depending 
on the other party and other circumstances, cannot be known beforehand. Normally, such 
common topic is sought after through conversation, but communication will become much 
easier, if any suitable topic can be found out of the content accumulated in the mobile 
information terminal. 

In this thesis, the group that indulges in fortuitously occurring communication in the daily life 
situations is defined as a "mobile community." Within the community, mobile information 
terminals are connected to one another forming an ad-hoc network. 

2.3. Assistance to Communication by Mobile Infonnation Terminals 

The approach we are proposing in this thesis, as the methodology of assisting communication 
by means of mobile information terminals is as follows: 

■ Operations among contents in order to find out common purposes, time, and places 

■ Reconstruction of contents in order to present common topics 

Fig. 1 shows a conceptual drawing of the proposed methodology. 

In case of the communication occurring in the daily life situations, it is difficult to find out 
common topics based on the personal data such as hobbies and personal histories, because 
this type of communication is often concerned about information obtained from experiences or 
the impressions standing out in the memory; besides, the information available is sometimes 
different from the personal information defined in advance, and the topic varies very frequently 
depending on who is the other party of conversation or what are the relative circumstances. 

The proposed methodology is to obtain such elements as purpose, place, and time common to 
the parties concerned from the content of the mobile information terminals gathering together 
in one spot where people carrying mobile information terminals happen to meet together. 
From the content in each mobile information terminal, such content as is suitable for these 
elements are extracted, reconstructed, and presented. Fig. 1 shows an example case in which 
users A, B, and C happen to meet together. Common topics will be found from each user' s 
content, and according to the topics thus chosen, further content will be extracted from each 
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user' s mobile information terminal and presented. In the above way, users only need to take 
their mobile information terminals with them in order to know the topics suitable for respective 
occasions; it can be said to be an effective means to assist communication in the mobile 
environment. 



Fig. 1 Conceptual Drawing of the Proposed Methodology 

^'m'iS^I^^ ly^lyV : Content in Mobile Information Terminal 
^tiMISii^S'^'^ >T">*i' : Content indicating common topics 

: Presentation 
MfS : Communication 



3. Reconstruction of Content 

3.1. Definition of Content 

The content dealt in the present thesis is photo-image data taken by the built-in camera or 
data of catalogs obtainable at the time of viewing objects such as products. Content "c" is 
expressed by the following formula, where [u* ] means the substance of the content, [t] means 
time, [p] means place, and [g] means category. 

C = (t. p. g. u' ) 

The content accumulated in the mobile information terminal is changing all the time as it is kept 
only as long as the user needs it but deleted as soon as it is no longer needed. However, 
since only the information that the user considers necessary keeps on staying, the group of 
accumulated content can be thought to be indicative of the user' s interest and behavior at a 
certain time; in other words, it can be conceived to be the user' s profile incorporating dynamic 
change. 

3.2. Process of Reconstruction 

To the mobile community, the place of communication occurring in the daily life situations, get 
together the mobile information terminals carried by respective parties. The content 
accumulated in each of these forgathering mobile information terminals is used to reconstruct a 
new content suitable for topics common to the participants of the communication. This 
reconstruction is carried out by the following procedures. 

1 . More than one partner with whom a first party may want to talk should be chosen. 

2. The mobile information terminals of the first party and its partners will be interconnected 
each other forming a network. 

3. Participants will refer to the additional information (time, place, and category) in the content 
of each other' s or one another' s mobile information terminal. 

4. Commonality degree for each element of time, place and category should be calculated. 
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5. Priority order for respective content should be calculated on the basis of the commonality 
degree. 

6. The content of high priority order will be presented. 
3.3. Operations among a Plurality of Content 

3.3.1. Commonality Degree among Users 

Temporary communication in the mobile environment, namely conversations and information 
exchanges, are made rather on the basis of dynamically changing information such as the 
impressive or interesting information available from the activities done immediately prior to the 
communication, than the changeless, static information like the other party' s hobbies and 
careers. For example, when conversation begins on the way back from shopping, topics to be 
taken up will not be about hobbies, but in most cases will be about tips on a discount sales, 
good or bad merchandise, and so forth of the shop where shopping has just been finished. In 
other words, it can be said that information exchanges are made based not on universal 
personal information that can be defined beforehand, but on daily varying and non-universal 
type of personal information. Thus, the topics appearing in the communication can be 
classified into the following three categories according to the criteria of how much attention 
the participants concerned pay respectively. 

• Topics concerning purposes 

■ Topics concerning places 

■ Topics concerning time 

In short, communication in the mobile community is maintained centering on the common points 
in terms of purpose, place, and time. In order to check the extent of common areas in regard 
to these three criteria, three kinds of commonality, namely. (1) commonality in purpose, (2) 
commonality in place, and (3) commonality in time, are to be calculated. 

3.3.2. Commonality in Purpose 

The commonality in purpose indicates the degree of purpose or interest which is common to 
the content users. When users meet together and can find out that the partners also have 
common purpose and interest, it triggers exchange of information in respect of that purpose. 

If the users have a common interest in a matter, they have the same kind of content. By 
checking the number of content components by categories, it becomes possible for them to 
know what kind of information they are interested in or keep as purposes at that particular 
point of time 

In the next step, the content components are classified by categories, and the number of 
content components belonging to a certain category is counted to measure the degree of 
interest by categories for one user. Assuming [ c ] is the number of content components that 
a user [ u ] has in its mobile information terminal, and also assuming that [ cj means the 
content components belonging to category [ g ] , the user' s degree of interest [ U(ig) ] to the 
category [ g ] is calculated by the following formula. 
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Num(c) 

Where Num(cg) means a function to find the number of content components belonging to the 
category [ g ] and Num(c) means a function to find the total number of content components 
the user has. 

The commonality in purpose [Purpose(g)] for the category [ g ] can be obtained from the 
degree of interest for the category [ g ] and the number of content components in the category 
[ g ] for respective users according to the following formula. 

N 

Purpose(g) = J^(Un(ig) x Nwn(cg)) ( 2 ) 

Nxx\ 

3.3.3. Commonality in Place 

The commonality in place is indicative of how common a place where a user acquired a content 
component is to other users. In normal cases, communication sometimes proceeds in 
connection with a certain place. For example, if the same place was visited though with 
different purposes, conversations and exchanges of information are made in reference to such 
common place. In this type of communication based on a certain place, not a very precisely 
defined information of place, but a vague information of place indicating only a certain extent of 
area is used. In other words, in beginning communication, it is normally mentioned as "in 
Kobe." or "at Harborland" or other similar expressions including the place visited actually, but 
not an expression as "so and so place in the restaurant at ninth floor of Hankyu Dept. Store of 
Harborland, Kobe." Therefore, comparison of users' fields of activities will allow you to know 
the commonality in place among users. The foregoing analysis will reveal that the users' 
fields of activities can be shown as a rectangle areas covering the locational information in the 
content contained within a certain distance, as illustrated in Fig. 2. 



HI 2:0.—- tf-<7)fTKlffiffl 

Fig. 2 Users' Fields of Activities 

triSiEH : Field of Activity 



Users' fields of activities are compared as shown in Fig.3, and the commonality in place is 
defined by the number of users who are included in the overlapping area. Assuming the 
overlapping area as [Pm], the commonality in place [Area(Pm)] can be calculated by the 
following formula. 

Square(Pm) 



Where [User(Pm)] is a function to find out the number of users in the area [Pm] and 
[Square(Pm)] is a function to find out square measure of the area [Pm]. In case the square 
measure of the area [Pm] is small and the number of users is large, that is, when the density 
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per square measure is high, the commonality in place becomes large. On the contrary, in case 
the square measure is wide and the number of users is small, the commonality in place 
becomes small. In the case of Fig. 3, the area [Pml], where the number of users is the largest 
and the square measure is small, has the highest commonality. 



Fig. 3 Commonality in Place 



0 4 :B#ra» 
Fig. 4 Time Zone 



3.3.4. Commonality in Time 

When a user accumulates content in his/her mobile information terminal, information in respect 
of time will have a significant meaning. For example, the photographic data taken by the built- 
in camera is important not only because of the object but also because of the timing it was 
taken. In the daily life communication, the timing a topic is related to is sometimes regarded 
more important than where you have been and what you have observed. Therefore, it 
provides an effective catalyst to communication to find out the time common to one another 
among the users. When information is exchanged by using time as the criteria, the time is not 
necessarily required to be very accurate but can be a vaguely defined time zone as the criteria. 
Thus, the commonality is indicative of the time zone which is shared among the users at a high 
degree. As shown in Fig. 4, respective pieces of time information added to the content of 
each user are arranged in chronological order and some of the time information of the content, 
if they are within a certain time difference, are connected together to formulate the user' s 
time zone. Fig. 4 shows that respective pieces of time information, [tl], [t2], and [t3], are 
consolidated into a time zone [Tl]. 



HIS: mr^^mm 

Fig. 5 Commonality in Time 



As shown in Fig. 5, respective users' time zone lists are compared to find out the overlapping 
time zone [t^], and from the number of users included in the time zone [tj and the length of 
[t^, the commonality in time [IntervaKt^)] is calculated by means of the following formula. 



Interval{tm) = /^-^^^(^") ( 4 ) 

Lengm{tm) 

Where [UseKO] 's a function to obtain the number of users included in [t^, and [LengtKO] 's 
a function to find out the length of [tj. 

If time is short and the number of users is large, that is, if the density per unit time is high, the 
commonality in time becomes high. For example, in Fig. 5, the commonality in time becomes 
the highest for [tm4]. 
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3.4. Priority of Content 



Each component of the content is presented according to priority order. This priority order is 
calculated by using the rank marks for each element of purpose, extent of activity, and time 
zone arranged in the descending order from high to low commonality. In other words, each 
component of the users' content is checked as to which ranks it occupies in the order of the 
commonality in category, place, and time and determined, according to those ranks, as to where 
of the priority order it is placed. The priority order [PriCcJ] of a component of the content [c] 
can be calculated by the following formula. 



Pr/(Cn) = a * 



P(x) 



A(y) 



(5) 



Where P(x) means a category in which the commonality in purpose is placed at x^h, and A(y) 
means an extent of activity in which the commonality in place is placed at >^th. I(z) means a 
time zone in which the commonality in time is placed at z^th. Further, Of , i8 , and y 
indicate weighting. 

Table 1 shows an example list of ranking by the commonality in categories, extent of areas, and 
time zones. When the component of the content [c] is evaluated PI in category. A2 in area, 
and II in time zone, the priority order [Pri(c)] will have a value of 2.5 (provided, each weighting 
is assumed to be 1). 



Table 1 : Example of Table of 

Priority Order of Commonality 



Rank 


Categories 


Areas 


Intervals 


1 


P1 


A1 


I 1 


2 


P2 


A2 


I 2 


3 


P3 


A3 


13 



By changing weighting, it becomes possible to present the content with the purpose focused on, 

or with time focused on, or with any other element specially stressed. In this thesis, weighting 
is assumed to have been predetermined, but it can be conceived so as to change automatically 
according to the circumstances. 



3.5. Example of Reconstruction of Content 

The proposed methodology enables the users to easily begin communication with the people 
with whom the users happen to meet at street corners, etc. 



When the user X encounters the user Y. communication is normally started by conversation. On 
such occasion, both the parties take out the mobile information terminals they own and 
designate each other as the parties to communicate with. The two mobile information 
terminals connect to each other and search purposes, places, and timings that may lead to 
criteria of conversation. Then, the content in the mobile information terminal of each own is 
reconstructed so that the content may be exhibited in a form suitable for offering topics 
common to the two parties. Both of the users X and Y, after simply viewing the displays of 
reconstructed content, can proceed to communication or exchange of useful information, 
without need of talking about such general subjects as weather. 
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Suppose that still another user Z joins the meeting, then connection is made afresh among the 
three sets of the mobile information terminals and the content suitable for the topics common 
to the three parties are presented on the respective terminals. 

4. Observation 

4.1. Security and Privacy 

Sharing and exchange of information according to the proposed methodology will require 
consideration to be paid to the matters of security and privacy. Inasmuch as personal data 
are involved, consideration about protection of privacy is particularly important. 

What the proposed methodology utilizes to find out purposes, places, and timings common to 
the users is not the content itself but the information added to the content. Also, the content 
to be presented is the one owned by the user him- or herself, and it is neither intended to 
present the content on anybody else' s mobile information terminal nor to present anybody 
else's content. Since the possibility that the information itself owned by an individual is 
known to a third person is. therefore, low, it is conceived that a certain extent of protection of 
privacy is well maintained. However, the fact that the information added to the content is 
utilized to find out commonality may entail that utilization goes as far as to include even the 
content that really needs to be kept in secrecy. This problem can be solved if the user sets 
the content disabled from utilization, but as this requires extra processing, some other, better 
method will have to be devised. 

So far as security is concerned, it is fully secure, as connection is made to one another only 
among the mobile information terminals owned by the users who have happened to be together 
there and all processing is completed within the group not requiring connection to any external 
network. Besides, since the user decides by himself on the parties with whom he wants to 
exchange information, neither connection to unnecessary users is made nor presentation to 
extraneous third parties. Records and memories with respect to exchange of information 
made with a certain user or users will remain, but this always occurs in case of normal 
communication, and it is conceived that whether or not there might be any outflow of such 
records or memories is simply a matter to be determined through conversation between or 
among the users relating to that exchange of the information. 

4.2. Dynamic Profile 

The presently proposed methodology has been created by paying attention to a dynamically 
changing personal profile. Existing methods of sharing of information and individualization of 
content are in most cases based on the profile defined in advance. Certainly there is 
information which does not change, such as birth date, blood type, and gender, but on the other 
hand, it is also true that such information as hobby is changeable. It cannot be said that the 
daily life is founded upon ever stable hobby and purpose. Also, registration of a profile would 
require that profile details are set up in a framing enlarged to some extent. For example, a 
person who loves comics and mystery story would select the avocation of reading, but this 
person perhaps does not seem to have the same basis to talk with someone who likes reading 
historical novels. To register detailed profile in an effort to solve the above problem would 
cause a heavy burden on the users, and besides, such register cannot always represent the 
actual state existing then and there. Accordingly, utilizing the content which is routinely 
accumulated without drawing particular attention not only would reduce the burden of the users 
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but also could reflect changing state quicklyo 
5. Conclusion 

This thesis has proposed a means of presenting the content by way of the mobile information 
terminals for the purpose of assisting communication with other people in the mobile 
environment. The proposed methodology can assist communication in groups and in 
community as well as on individual-to-individual basis by presenting suitable information. 

The authors intend to develop a prototype system according to the proposed methodology and 
confirm effectiveness of the system through experiments. Our studies are expected to cover 
the utilization of surrounding environment and information as well as the content owned by 
each individual. For example, suppose a large type display unit is installed at a town corner, it 
will be worth while to let it display some content meaningful to a plurality of people passing by 
in front of the display unit. 
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